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In the Galileo era, most Ionian volcanic cen-
ters showing plume activity have revealed hot spot
temperatures consistent with high-temperature silicate
volcanism [1, 2]. At some of these locations, maxi-
mum temperatures ranging from 1400 K up to 2000 K
(Pillan Patera) have also been inferred [3]. Due to the
plume fallout, these volcanic centers are surrounded
by deposits displaying a large variety of colours and
patterns. In some cases, only dark circular deposits
surround the vent region (Pillan Patera, Babbar
Patera). The two Voyager spacecraft imaged dark,
grey, and bright deposits. Bright deposits are com-
monly attributed to SO2 condensation from plumes
[4]. Galileo instruments have also imaged yellow, red,
and dark red deposits which appeared just dark to
Voyager instruments. On the contrary, other diffuse
deposits, appearing dark to the Voyagers, have re-
mained dark at all observed wavelengths to the Gali-
leo imaging cameras. This is true both for “fresh”
deposits, like the new deposits surrounding  Pillan
Patera, and the fan-shaped deposits extending from
the Pele vent for 200 km (in radial extent), which ap-
pear unchanged since the Voyager era.

Today, this wide range of colours over the
Ionian surface is still attributed to the existence of
different sulphur allotropes [4]. Although such an
explanation may be valid, we suggest that both dark
and red diffuse deposits may consist of volcanic glass
resulting either from plume-like activity or fountain-
like activity. The likely existence of thin layers of
condensed SO2, with different thicknesses, deposited
over the tiny volcanic particles may also contribute to
make the colours different. In fact, some results from
recent Galileo observations suggest that colouration is
not diagnostic of sulphur or sulphur-compound frost:
red and gray diffuse deposits have been imaged near
the Pele volcanic vent at a distance where tempera-
tures are too high for any gas condensation to occur
[5]. Galileo observations have also confirmed that
Pele’s fallout deposits are deficient in SO2 frost [6].
Although debatable, the likely existence of particles
landing still warm on the surface at Pele has already
been proposed [5]. Red and dark red diffuse deposits
have also been imaged near some volcanic centers at
which fountain-like activities have been inferred [7].
With regard to the dark deposits, the new ring-shaped
dark deposits at Pillan Patera have recently been asso-

ciated with the “dark mantle” lunar deposits of Wilson
and Head [8] and Wilhelms [9]. Similar deposits also
surround the Babbar Patera volcanic center, known
since the Voyager era, at which no activity has been
observed.

Magmatic droplets, submillimetric to milli-
metric in size, entrained along with erupted gases
within some plumes, are likely to constitute the ob-
served dark deposits at the Pillan and Pele volcanic
centers. The red diffuse deposits near the Pele vent are
also suggested to have a similar composition. On the
Moon, which has a similar gravity and atmosphere to
Io, dark mantle deposits extended up to 200 km [8].
This value is similar to the radius of the dark deposits
at Pillan Patera. Probably, large amounts of gas (up to
30 % by weight) and magma fragments, erupted at
high speed (up to 1100 m/s) through a flared vent,
would cause such deposits to extend up to 500 km
from the vent. Furthermore, the gas-magma crustal
interactions responsible for such eruptions would also
enhance magma fragmentation similarly to phrea-
tomagmatic events on Earth, and a larger number of
the resulting magma fragments would be transported
and deposited up to a large distance from the vent.

The likely interaction between rising magma
and volatile deposits concentrated in the upper Ionian
crust is probably responsible for the variety of volcanic
styles observed. The eruption environment on Io is
very similar to that on the Moon; for this reason, it is
only in the near absence of gas in the Ionian magma
that effusive flows can be produced on the surface [8].
As the gas amount becomes slightly larger, explosive
volcanic activity is expected to occur, due to a near
absence of an atmosphere and the lower gravity on the
satellite. A low volatile content (less than 0.01 % by
weight) is sufficient to produce ejection velocities re-
sulting in the formation of a plume that covers an area
as large as 42 km2 [10]. In such cases, conditions for
fountain-like activity can also develop. The existence
of lava fountains on Io has been inferred from some
ground-based observations [7]. A fountain-like event
has been modeled by Davies [11] who has also sug-
gested that pond-fed flows occur on Io. The distribu-
tion of the pyroclastic material over the surface de-
pends on the material properties of the magma and the
vent geometry, but primarily on the magma volatile
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content [8, 12]. However, the optical depth of the lava
fountain and the temperature of the accumulating
material depend on both the volatile content and the
mass eruption rate [8]. For this reason, as the gas
amount within the erupted gas-magma mixture in-
creases, the probability of formation of pond-fed flows
quickly decreases, and both gases and magma frag-
ments are expected to be transported and deposited
after a longer flight time within the erupting plume.
Volcanic materials will land already solid, thus gener-
ating the observed patterns of diffuse pyroclastic de-
posits.

Since the Voyager era, a remarkable vari-
ability in the volcanic activity has been observed at
most volcanic centers [13]. We explain the likely fre-
quent changes of volcanic styles, even for the same
volcanic center, as mainly due to the fact that even a
very low volatile amount within the magma can cause
gentle flow-like activity to turn into explosive plume
activity. Furthermore, the expected non-uniform dis-
tribution of volatile deposits within the upper crust
and on the Ionian surface make these changes still
more likely to occur. In support of this, near most vol-
canic centers, plume fallout deposits often appear to be
associated with flow-like deposits. At Pillan Patera, a
new dark flow-like feature up to 75 km long has been
seen near the center of the “fresh” dark fallout [5]. At
Prometheus, a lava flow has formed contemporane-
ously with the detected plume activity. At Maui, only
flow-like activity was seen in the Galileo era, but
during the Voyager era Maui was the site of an erup-
tive plume [13]. A similar phenomenon can be ob-
served near other important volcanic centers, like
Volund, Loki, etc. The total disappearance of plume
activity could also be explained by the supply of crus-
tal volatiles in the vicinity of the volcanic conduit be-
ing terminated; this could be due to long-term con-
tinuous activity which would exhaust the local supply
of volatiles before any kind of replenishment could
occur.
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